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Abstract-I n the absence of o x i d i z i n g o r mducing agents the chr3nas3graphic and ~o p~e c i p i t a t i o n behavior of element 102 i s s i m i l a r t o t h a t of t h e alkill.ine e a r t h elements. After oxidation with c e r i c ions, the behavior i s t h a t expected of a t r i v a l e n t a c t i n i d e . Our conclusion i s t h a t nobelium i s the f i r s t actinid.?
f o r which the +2 oxidation s t a t e i s the? most s t a b l e species i n aqueous 531iiii31.
R e s u l t s of t h e f i r s t a t t e m p t s (3)
and o t h e r m3re r e c e n t e f f 3 r t s (11.) t=, study t h e chemistry of element 1.02 sugges.Led t h e chemical behavior af n~b e l i u r n t o be t h a t of a +3 a c t i n i d e elenlent. On t h e o t h e r hand, new r e s u l t s i n d i c a t e d a n i n c r e a s i n g tendency toward formation of t 2 s t a t e s w i t h i n c r e a s i n g Z by t h e heavy These s t a t e
+ 2 a c t i n i d e s (5) and t h i s was confirmed by t h e discovery of t h e M d ion (6,7). r e s u l t s suggested t h a t nobeXium might e x h i b i t a f a i r l y s t a b l e d i v a l e n t i n a d d i t i o n t o t h e expected t h v a l e n t s t a t e .
The r e c e n t d i s c o v e r y of 2 5 5~o , w i t h a n 'alpha h a l f -l i f e and decay energy of approximately 3 minutes and 8.1 MeV (8, 9, 10) , has made.it p x i s 2 b l e t o c a r r y o u t t r a c e r chemistry on element 102 (11). The s h o r t h a l f -l i f e and law y i e l d of 2 5 5~o atoms p e r experiinent compelled us t o modify and develop f a s t chemical procedures s o t h a t t h e t o t a l time necessary f o r s e p a r a t i o n , chemical s t u d y and p r e p a r a t i o n of a source s u i t a b l e f o r a l p h a energy a n a l y s i s would be l e s s than 1 0 minutes. These procedures included chromatographic methods f o r t h e stGdy of sin&-atom behavior and m e -s t e p c o p r e c i p i t a t i o n r e a c t i o n s . A s o n l y a few -2 5 '~o decays were observed per experiment, it was necessary t o r e p e a t each s e t af exgerlments 10-20 tlrnes i n order t o o b t a i n s t a t i s t i c a l l y s i g n i f i c a n t r e s u l t s .
Experimental Procedures and R e s u l t s a , Production and I d e n t i f i c a t i m
Th; 2 5 5~o was produced by i r r a d i a t i n g a 0.8 mg/cz -t h i c k plutonium 16 t a r g e t s'lpporte? by a 1-mil t h i c k Be f o i l with 0 ions from t h e Berkeley SILK.
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The i s o t o p i c composition 33 the t a r g e t i n atom p e r c e n t was The bean: c u r r s n t was 2-1: parnps o v e r a n a r e a of 9.2 cm . The n~b e l i w a t a m r e c o i l i n g from t h e t a r g e t were stopped i n IIc gas ulld t r b a n s f c r w d t o u p1at;inum 
t m d e p o s i t i o n e x p e r i m n t s u s i n g s t a n d a r d procedures (13). I n t h e s e experiments t h e No atoms were washed from t h e c a t c h e r f o i l w r t h a s a t u r a t e d NH4C1 p l a t i n g s o l u t i o n c o n t a i n i n g t r a c e r q u a n t i t i e s of t h e r a d i oa c t i v e e l e n r n t s t o be compared w i t h t h e No. During p l a t i n g t h e pH i s very hi2h near t h e c a t h~d e and t r a c e r s a r e known t o be deposited i n approximately -i n v e r s e proporcl3n t o t h e s o l u b i l i t y of t h e i r hydroxides, I n Table 1 i s shgwn t h e p c r c e~l t of t r a c e r s and nobelium t h a t v e r e y l a t e d (14)
. Also s h m n i s t h e n u~5 e r of 2 5 5~o e l p h a decays observzd p e r number of decays -.xge;trd.
The l a t t e r was compi~tec! Por each e x p e r i m n t P r~m the average nlmber af co~intabl-t.
ak2.11 1.3 the f a m e r r a t h e r than t h e l a t t e r e l e m n t s .
c . 'Chloride --V o l a t i l i t y I n t h e s e experlnients the v o l a t i l i t y of nobelium c h l o r i d e was cmpered t o the v a l a t i l i t y of t r a c e r q u a x t i t i e s of Pa, Am, Th, Pb ocd Iia by h e a t i n g 
n d i c a t e t h a t na'oelium does n o t e x h i b i t an unusually v o l a t i l e c h l o r i d e a s does d , C a t i o c Exchange Column o Our a t t e i n p t .~ t o e l u t e No from 2 heatec? (83 c), &vex 50x12 i o n exchztigs resir, col~unn u i tk: amrzmium alpha-hydr~xyisobutyrate i n t h e p r e d i c t e d
p r e e i n s t e i n i u x e l u t i o n p o s i t i o n (1 5 ) we E unsuccessful. The procedure was t o f i r s t e l u & t h e t r a c e r +3 a c t i n i d e i o n s w i t h Z h i g h e r than A-n with 8 drops of d i l u t e e l u t i n g s o l u t i o n (0.3?4, -pH 4.0) and then t o e l u t e Am and s e -f e r a l lawer Z elements (~b , Sr, Ra, Ac and ~e ) w i t h 8 drops of concentrated e l u t i n g s o l u t i o n (1.9~) pH 4.8).
The r e s u l t s given i n Table 2 . c l e a i l y show t h a t No was not e l u t e d bef m e Am.
An e l u t i o n p o s i t i o n f o r
No r e l a t i v e t o t r a c e r q u a n t i t i e s of Y, Sr, 3 a 3 and R& B~S j b t a i n e d f o r a heated (80 c), 0.2 cm diameter by 2 cm long c a + n n using the c a n c e n t r a t e d e l u t i n g s o l u t i o n . The c a~p o s i t e r e s u l t f o r l j e x p e r i x n 5~ i s presented i n Fig. 1 . The r e s~l t s shaw t h a t under t h e s e c~n d i t i o c s n~h?I.iu;:i docs n3t e x h i b i t tine s l i g h t e s t resc:fiblence t o t h e +3 a c t i n i d e s , f~r i n slr:!',lar.
t r a c e r experir,!ents, Es, Cm, and e l u t e i t from t h e ion exchange column i n the predicted +3 p o s i t i o n , but when rapid oxidizing agents such a s Ce+4 were p r e s e n t i n s u f f i c i e n t l y l 16, 17) . A drop of O.lM -H C 1 containing t h e t r a c e r s ts which No was t o be compared plus -5pg each of t h e various charges t a t e c a r r i e r s Ba, L a and Z r was used t o dissolve t h e No a t o m f r~m the c a t c h e r f o i l . Two drops of 40$ HI? were added t~ convert t o the f l u o r i d e s and taken t o dryness. The p l a t e was then washed with H 0 s e v e r a l t i n i s and both 2 residue p l a t e and Ii 0 washes were alpha energy analyzed. The r e s u l t s a r e 2 given i n Table 2 
and suggest t h a t t h e s o l u b i l i t y of No f l u o r i d e i s more l i k e

BaFZ than LaF 3
Assuming t h a t t h e nobelium was e x h i b i t i n g a +2 valence under the above canditions, attempts were made t o oxidize t h e t o which should form -a l e s s soluble f l u o r i d e . The procedure was the same as described above except the oxidant, c e r i c n i t r a t e , was s u b s t i t u t e d f o r t h e Z r . A s seen i n Table 2 , a f t e r oxidation u i t h Get" t h e d i s t r i b u t i o n was i n f a m r of t h e Lol. phase.
3
The behavior of No f l u o r i d e a f t e r oxidation appears t o be b e t t e r ex2laine-i 57 the f o r m t i o n 32 pIoF r a t h e r t h a n i:3Fq. Under t h e s e d i l u t e N:,F~+ mj-ght be expected t o be as s o l u b l e as CcP and ZrE'
4'
Reccnt w r k has shown t h a t 9 0~ can be s e p a r a t e d from 9 0~r a t room t e n p e r a t u e b y . e l u t i o n from a SrSO column u s i n g 0.5N H SO (18). I n g e n e r a l 4
-2 4 i t appears t h a t t h e mare s o l u b l e s u l f a t e s a r e e l u t e d before t h e l e s s s o l u b l e ones. W e used a s i m i l a r col~unn f o r t h e s t u d y of t h e behavior of nobelium s u l f a t e . I n each experiment t h e No; t r a c e r a c t i v i t i e s t o which Ko was t o be compared, and -5111; each of Z r and La were converted t o t h e s u l f a t e farm on t h e platinum c a t c h e r f o i l by e v a p o r a t i o n t o dryness w i t h 1 N H2S04. The mess -a f Z r and La added was t h e saw a s t h e mass of Ce+4 m d used i n l a t e r o x i d a t i a n experiments i n o r d e r t o d u p l i c a t e t h e nlass e f f e c t s on t h e c o l~m .
Th? Na and o t h e r e l e m n t s were washed from t h e f o i l w i t h 6~ H SO and
-2 4 t r a n s f e r r e d t o t h e 0.2 cm d i a . x 1 cm long SrSO column and t h e e l u t i o n 4 c a r r i e d 3 u t with 6~ H2S04. T i m and c o i m t e r l i n l l t a t i o n s made t h e e l u t i o n m i n f r a c t i o n s r a t h e r than dropwise necessary. The r e s u l t s a r e given i n Table 2 and show No t o be more s t r o n g l y adsarbed on the column than Es and Am.
S i m i l a r experiments were c a r r i e d o u t under o x i d i z i n g c o n d i t i m s
using ~e + " and t h e r e s u l t s given i n Tabla 2. I n t h e s e expcrinnnls, t h e N' o W a s e l u t e d with-ES and before Am. This apparent change i n s a l u b i l i t y of nobelium s u l f a t e i s c o n s i s t e n t with a change i n valence s t a t e from t 2 t o -13.
D i s c u s s i m
The r e s u l t s presented i n t h i s work i n d i c a t e a very i n t e r e s t i c g b e h a v i~r by nobelium when conpared t o otht-?r e l e m n t s of the a c t i n i d e fa1:31:.
Urlcler t h e conditions of $our expcrinlents, nobelium exhibited t h c following p r o p e r t i e s r e l a t i v e t o the o t h e r heavy a c t i n i d e s i n t h e i r -1-3 s t a t e :
1 ) ' I t s hydroxide o r hydrous oxide has a high s o l u b i l i t y .
2 ) I t s f l u o r i d e has a high s o l u b i l i t y .
3 ) I t s s u l f a t e has a low s o l u b i l i t y .
4) Nobelium d i d n o t e l u t e from a Dowex 50x12 ion exchange column
with anmonium (2-hydroxisobutyrate i n the p o s i t i o n predicted f o r -1-2 the +3 ion, I n f a c t , yo was eluted n e a r S r and about the same p o s i t i o n a s ~a +~ under conditions where a l l o t h e r a c t i n i d e s were e l u t e
d immediately. This behavior shows t h a t previous claims t h a t No i s e l u t e d i n the pre-Es p o s i t i o n m u s t be i n e r r o r ( 3 ) .
) Though No c h l o r i d e e x h i b i t s a low v o l a t i l i t y , probably i n t h e
range of t h e +3 a c t i n i d e s , we do n a t agree with the g e n e r a l i z a t i o n made i n R s f . 19 t h a t t h e chemical behavior of nobelium i s s i n l i l a r t o +3 a c t i n i d e s .
6) I n two types of experiments, f l u o r i d e c o p r e c i p i t a t i o n and s u l f a t e column, t h e r e were s t r o n g i n d i c a t i o n s t h a t nobelium was oxidized
t4
-by Ce t o a forrr. where i t behaved l i k e a t r i v a l e n t heavjr a c t i n i d e (~e '~ -Ce' 4 coogle .--1.5 m l t s ) .
W6 f e e l that t h e b e s t i n t e r p r e t a t i o n of our r e s u l t s i s t h a t t h e d i m l e n t a .possible. s t a b l e +2 s t a t e f o r e l e m n t 102 due t:, t h e s p e c i a l s t a b i l i t y af 14 the jf-e l e c t r o n i c configuration. -11. Preiir.inar-y r e p o r t of t h e p r e s e n t work was given by on? of us (A.G. ) a':
October 17-20, 1967. A. Ghiorso and T. ~i k l r e l a n d , Physics Today 3, 2 5 (1-96~().
13 C . H . Choppin, Experimental Nuclear ChemIs t r y , P r e n t j ce i l a l l , Ynglcwood
14. I n t h i s , and subsequent experiments, t h e probable e r r o r i n t h e t r a c e r b p e r c e n t a g e s i s < 10%. f o r h e l p i n p r e p a r a t i o n of t h e Pu t a r g e t , and t h e HILAC crew. One of us (J.M. ) e x p r e s s e s h i s g r a t i t u d e t o IAEA, Vienna, f o r . a r e s e a r c h g r a n t . --65+12
